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In light of the upcoming measurement of the muon anomalous magnetic moment (g-2), we revisit the
corrections to g-2 in the context of the SU(4)L × U(1)X gauge symmetry. We investigate three models based
on this gauge symmetry and express our results in terms of the energy scale at which the SU(4)L × U(1)X
symmetry is broken. To draw solid conclusions we put our findings into perspective with existing collider bounds.
Lastly, we highlight the difference between our results and those rising from SU(3)L × U(1)X constructions.
I. INTRODUCTION
Currently, the Standard Model (SM) of particle physics
needs to be extended to explain signals or explore evidences
of new physics like dark matter, neutrino masses, flavor uni-
versality violation, etc. There are different ways to extend the
SM, and these ways open several alternatives to do physics
beyond the SM. For example, to extend the SM gauge sym-
metry implies the existence of new gauge bosons. At least,
by extending the symmetry just by a U(1)x group, we are
predicting the existence of a new Z boson. By extending
the SU(2)L symmetry to a larger SU(N)L group, we have
N2 − 4 new gauge bosons at our disposal. Models based on
the SU(3)C ×SU(4)L×U(1)X 3-4-1 symmetry [1], are that
kind of beyond SM models. In this work we will focus in a
very fundamental problem of particle physics, the anomalous
magnetic moment of the muon, that we will describe in some
detail below. The idea here is to study the different contribu-
tions to that anomaly arising in different versions of the 3-4-1
model. Our work is based on a rigorous correction to a numer-
ical analysis previously carried out [2–4], taking into account
the most updated, model independent, analytical expressions
that contributes to the anomaly [5], when compared to previ-
ous works [6] . It is important to mention that for elementary
particles of mass m, electric charge q, and spin S = 12 , the
Dirac equation predicts its magnetic dipole moment ~µ , that it
is an intrinsic property of the particle, given for the following
relation:
−→µ = g q
2m
−→s , (1)
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being g the Lande´ g-factor or gyromagnetic ratio. For the
muon, the prediction of the Dirac equation is gµ = 2. Loop-
level corrections generate little deviations from 2 – the anoma-
lous magnetic moment, parametrized by aµ = (gµ − 2)/2.
aµ allows us to test the SM since each sector yields a size-
able correction [7], that represents interactions of the type
µ → γµ, which can be seen in the Feynman diagrams of
the Fig.1. Nevertheless, there is a discrepancy between the
Standard Model prediction and the experimental measure-
ments, quantified by ∆aµ = aexpµ − aSMµ , suggesting the
presence of new physics that accounts for it. According to
the Particle Data Group (PDG), the current discrepancy reads
aµ = a
exp
µ − aSMµ = (261 ± 78) × 10−11 (3.3σ). The PDG
review already acknowledges recent studies where the sig-
nificance approaches 4σ. However the large theoretical un-
certainties can overshadow the significance of this discrep-
ancy. It is important to mention that there are two experiments,
the g-2 at FERMILAB [8] and the Muon g-2 at J-PARC [9],
that will be able to decrease the error bar and increase the
discrepancy if the central value remains the same. Having
in mind the g-2 collaboration is about to announce new re-
sults, we find important to review previous studies in this
matter in the context of the 3-4-1 gauge symmetry. Along
with the actual discrepancy reported by PDG of (3.3σ), we
will use the projected discrepancy of the g − 2 collaboration,
∆aµ = a
exp
µ −aSMµ = (261±34)×10−11 (5σ), to impose the
most stringent constraints on the scale of symmetry breaking
and masses for three different versions of the 3-4-1 model, as
aforementioned. The 3-4-1 symmetry is a natural extension
of the SU(3)C × SU(3)L × U(1)X (3-3-1) symmetry that
has been widely explored in the literature [10, 11]. These 3-
3-1 models can accommodate dark matter [12–30], neutrino
masses [31–46], and also are entitled to a rich phenomenol-
ogy concerning lepton flavor violation and collider physics
[22, 36, 47–53]. 3-4-1 models embed these 3-3-1 models and
therefore, we naturally inherit these features. As far as the
muon anomalous magnetic moment is concerned several stud-
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2Figure 1: Feyman diagrams of the corrections to aµon SM electroweak interactions.
ies have been carried out in the past [54–61], but 3-4-1 models
experience different contributions to g-2, and that motive us to
explore them in perspective with existing bounds.
In summary, we will investigate the corrections to gµ − 2 in
the context of 3-4-1 models. Our work is structured as follows:
in Section II we present the models; in Section III we present
our results; and later we conclude.
II. SU(4)L ⊗ U(1)X MODELS
The 3-4-1 model is an electroweak extension of the SM,
which is based on SU(3)C ⊗ SU(4)L ⊗ U(1)X gauge sym-
metry. In general, 3-4-1 models were proposed to provide an
elegant solution to the neutrinos masses, by placing the leptons
ν, e, νc and ec in the same multiplet of a SU(4)L [1]. Today,
we have different versions of the 3-4-1 model [62–66] each of
them inherits the features of their respective 3-3-1 model [10].
The most general expression for the electric charge operator in
the case of the SU(4)L ⊗ U(1)X symmetry is given by:
Q = aT3L +
b√
3
T8L +
c√
6
T15L +XI4, (2)
where a, b and c are free parameters that allow us to set the
fermion and scalar multiplets as well as the the gauge boson
content. The TiL matrices are the generators of the SU(4)L
group, defined as TiL = λiL/2, being λiL the Gell-Mann
matrices for SU(4)L. These gerenerators are normalized as
Tr(TiTj) = δij/2. Also, in the Eq.(2), I4 is the 4× 4 identity
matrix and X is a quantum number, equivalent to the hyper-
charge in the SM. In the next section, we will briefly review
the key theoretical aspects, which are relevant for the muon
magnetic moment, for each one of the three different versions
of the 3-4-1 model that we study here. Our goal is to reassess
whether these models are capable of addressing the actual and
projected discrepancy. In this way, we take interest in the
interactions that can be represented as the Feynman diagram
(Fig.1), but instead of SM leptons ` and gauge bosons Z and
W, new fermions and new gauge bosons called Z ′, W ′ and U,
will mediate these interactions, as will be explained below.
A. SU(4)L ⊗ U(1)X model with doubly charged gauge boson
In this model, the electric charge operator is defined as:
Q =
1
2
(λ3 − 1√
3
λ8 − 2
3
√
6λ15) +X, (3)
It is important to mention that in order to avoid anomalies,
we must have the same number of 4 and 4∗ multiplets. For
leptons, we have left and right-handed charged leptons and neu-
trinos in the same SU(4)L multiplet, that transform as (1, 4, 0).
The quark sector consists of one generation transforming as
(3, 4,+2/3), and the two others as (3, 4∗,−1/3) [1]. Concern-
ing the right-handed quarks, they are all singlets under the
symmetry in question. So, the fermionic content, excluding
the right-handed quarks is:
faL =
 νa`aνca
`ca

L
∼ (1, 4, 0),
Q1L =
 u1d1u′
J

L
∼ (3, 4, 2/3),
QαL =
 jαd′αuα
dα

L
∼ (3, 4∗,−1/3).
(4)
where a = 1, 2, 3 is a flavor index, counting the number of
fermion families, and α = 2, 3.
An interesting characteristic of this model is the presence of
new fermions beyond the SM ones, they are two new quarks u′
and J with charges +2/3 and +5/3 respectively, and another
four j2,3 and d′2,3 with charges −4/3 and −1/3, respectively.
In order to generate masses for all the quarks it is necessary
to introduce three scalar multiplets η, ρ and χ, with just three
of their neutral fields developing a vacuum expectation value,
as we shown below:
3η =

η01
η−1
η02
η+2
 ∼ (1, 4, 0), 〈η〉 = (v1/√2, 0, 0, 0),
ρ =

ρ+1
ρ0
ρ+2
ρ++
 ∼ (1, 4,+1), 〈ρ〉 = (0, u/√2, 0, 0),
χ =

χ−1
χ−−
χ−2
χ0
 ∼ (1, 4,−1), 〈χ〉 = (0, 0, 0, Vχ/√2).
(5)
As for the charged leptons and neutrinos masses it is neces-
sary to introduce a Higgs multiplet transforming as (1, 10∗, 0)
H =

H01 H
+
1 H
0
2 H
−
2
H+1 H
++
1 H
+
3 H
0
3
H02 H
+
3 H
0
4 H
−
4
H−2 H
0
3 H
−
4 H
−−
2
 ∼ (1, 10∗, 0), (6)
with just three of their neutral fields developing a vac-
cum expectation value
〈
H02,3,4
〉
= v′′. It is important to
mention that to preclude mixing among SM and the exotic
quarks an extra multiplet η′ must be introduced, transform-
ing as η, but with different vacuum expectation value (VEV),
〈η′〉 = (0, 0, v′/√2, 0). In this way we have that the symmetry
breaking pattern occurs according to:
SU(4)L ⊗ U(1)X <χ>−−−−−−−→ SU(3)L ⊗ U(1)Z
<η′>,<η>,<ρ>,<H>−−−−−−−−−−−−−−−−−−→ U(1)Q.
As for the gauge sector it is important to remember that the
gauge group we are working is the SU(4)L×U(1)X , it implies
that there are 15 W iµ (i = 1, ..., 15) gauge bosons belonging
to the SU(4)L group, and there is a singlet boson Bµ owned
by the U(1)X group. The electric charge and interactions
of the gauge bosons beyond the SM ones is determined by
the chose we did for the electric charge operator (3). In the
diagonalization procedure we defined the physical charged
gauge bosons as: −√2W+ = W 1 − iW 2, −√2V −1 = W 6 −
iW 7, −√2V −2 = W 9 − iW 10, −
√
2V −3 = W
13 − iW 14,
−√2U−− = W 11 − iW 12 and√2X0 = W 4 + iW 5. Notice
the presence of three new single charged vector bosons V ±1,2,3
and the existence of a doubly charged vector boson U−−. As
we will show, these new vector bosons generates contributions
to the anomalous magnetic moment. In the approximation
that we worked, V ±1,2 are degenerates and its contribution to
the anomaly is the same, say ∆aµV 1,V 2. The V ±3 will be
heavier than the other two V ±1,2 bosons, M
2
V 3 ≈ 2×M2V 1,V 2,
generating a ∆aµV 3 ≈ 12∆aµV 1,V 2. The charged current
interactions among the charged gauge bosons and the muon,
relevant for the study of the anomaly, can be written as:
LCC ⊃ − g
2
√
2
[νγµ(1− γ5)µW+µ + νcγµ(1− γ5)µV +1µ + µcγµ(1− γ5)νV +2µ + µcγµ(1− γ5)νcV +3µ + µcγµ(1− γ5)µU++µ ] +H.C.,
(7)
being g the coupling constant of the electroweak group. As
for the neutral sector, there are four neutral gauge bosons,
the massless photon and three massive ones Zn, with Zn =
ZN , Z, Z
′ for n = 0, 1, 2 respectively. To obtain the masses
and the physical states in the neutral sector it is necessary to
diagonalize the mass matrix in the basis W 3,W 8,W 15, B,
given by
g2
4

v21+u
2+ 2v′′2 1√
3
(v21−u2− 2v′′2) 1√6 (v21−u2+4v′′2) −2tu2
1√
3
(v21−u2− 2v′′2) 13 (v21+4v′2+u2+ 2v′′2) 13√2 (v21−2v′2+u2− 4v′′2) 2√3 tu2
1√
6
(v21−u2+4v′′2) 13√2 (v21−2v′2+u2−4v′′2) 16 (v21 + v′2 + u2 + 9V 2χ + 8v′′2) 2√6 t(u2 + 3V 2χ )
−2tu2 2√
3
tu2 2√
6
t(u2+3V 2χ ) 4t
2(u2+V 2χ )
 (8)
where t = sin θW√
1−4 sin2 θW
, being θW the electroweak angle.
In principle, the diagonalization of (8) has to be done numeri-
cally. However, an analytic solution can be found by setting
v1 = u = v
′′ and v′ = Vχ, with Vχ  v1, yielding [1]
M2n =
g2
4
λnV
2
χ (9)
where λn are constants given in the Appendix VI A. As for the
4charged gauge bosons, its masses are given by,
M2W =
g2
4
(4v21), M
2
V1,2 =
g2
4
(3v21 + V
2
χ ), (10)
M2V3 =
g2
4
(2v21 + 2V
2
χ ),
M2U++ =
g2
4
(9v21 + V
2
χ ).
To calculate the contributions to the anomaly coming from
the neutral vector sector, we must have in hand the neutral
currents, which are given by:
LNC = − g
2cosθW
(
`Lγ
µ`Lα+ `Rγ
µ`Rβ
)
Zn, (11)
where α and β are couplings that are given explicitly in the
appendix VI B.
The corrections coming from charged and neutral scalars
would be derived from the Yukawa Lagrangian:
− LY uk =⊃ 1
2
Gabf caLfbLH, (12)
where a,b= e, µ, τ . These scalars interact with leptons through
the Yukawa Lagrangian in Eq (12), meaning that they couple
to leptons proportionally to their masses. Hence, their con-
tribution to aµ will be suppressed. Finally, Fig.2 shows the
Feynman diagrams of the interactions present in this model
that contribute to the corrections gµ − 2 .
B. SU(4)L ⊗ U(1)X model without Exotic Electric Charges
In the SU(4)L ⊗ U(1)X model without Exotic Electric
Charges [67, 68], neutral heavy leptons are placed into the
same multiplet that the left-handed charged leptons and neu-
trinos. All the right-handed fermions are singlets of SU(4)L.
In order to cancel all the quirial anomalies two left handed
quark families must transform as 4-plets, and the other one as
an anti-4-plet. So
fαL =
 `αναNα
N ′α

L
∼ (1, 4∗,−1/2),
QiL =
 uidiDi
D′i

L
∼ (3, 4,−1/6),
Q3L =
 d3u3U
U ′

L
∼ (3, 4∗, 5/6),
(13)
where α is the flavor index α = 1, 2, 3, and i = 1, 2.
As for the right handed fields, they transform as:
(eαR) ∼ (1,1,−2), (14)
(d3R, (diR), (DiR), (D
′
iR) ∼ (3,1,−2/3) (15)
(u3R), (uiR), (UR), (U
′
R) ∼ (3,1, 4/3) (16)
The neutral heavy lepton masses are of the order MN,N ′α ≈
Vχ/2.
In the scalar sector, this model contains four scalar multiplets
that develop a vaccum expectection value as follows [67]
φT1 = (ζ
0, ζ−1 , ζ
−
2 , ζ
−
3 ) ∼ [1, 4,−3/2],
〈
φT1
〉
= (v′, 0, 0, 0)
φT2 = (ρ
+, ρ01, ρ
0
2, ρ
0
3) ∼ [1, 4, 1/2],
〈
φT2
〉
= (0, v, 0, 0)
φT3 = (η
+, η01 , η
0
2 , η
0
3) ∼ [1, 4, 1/2],
〈
φT3
〉
= (0, 0, V, 0)
φT4 = (χ
+, χ01, χ
0
2, χ
0
3) ∼ [1, 4, 1/2].
〈
φT4
〉
= (0, 0, 0, V ′)
This symmetry breaking pattern give masses to the fermions
and gauge bosons of the model. The symmetry breaking occurs
according to,
SU(4)L ⊗ U(1)X <φ
T
4 >−−−−→ SU(3)L ⊗ U(1)Z
<φT3 >−−−−→ SU(2)L ⊗ U(1)Y <φ
T
1 >,<φ
T
2 >−−−−−−−−→ U(1)Q.
the SU(4)L ⊗U(1)X gauge group breaks down to SU(3)L ⊗
U(1)Z (3-3-1 model), by means of < φT4 > scalar boson. This
latter group breaks down to SU(2)L⊗U(1)Y (gauge group of
the SM) induced by < φT3 > scalar, and finally the last group
breaks down to U(1)Q, through two scalar bosons < φT1 >
and < φT2 >. In this work, we will work with the following
simplifications for the VEVs V ∼ V ′ >> v ∼ v′. Since
M2W± =
g2
2
(v2 + v′2) we have that
√
v2 + v′2 ≈ 174Gev
and then v′ ∼ 123Gev
For simplicity we will explicitly show only the interactions
that contribute to the anomaly in this version of the 3-4-1
model, for a detailed explanation of the gauge sector in this
model check please [68]
LCCl ⊃ −
g√
2
[
N
0
Lγ
µµLK
+
µ +N
0′
Lγ
µµLX
+
µ
]
+ h.c.,
LNC ⊃ µγµ[gV − gAγ5]µZ ′µ,
(17)
being:
gV = − g
2 cos θW
1− 3 sin2 θW√
3 cos2 θW − 1
,
gA = − g
2 cos θW
cos2 θW√
3 cos2 θW − 1
(18)
5Figure 2: Feyman diagrams in order to contribute to the corrections to aµin the SU(4)L ⊗ U(1)X model, coming from the
interactions with new gauge bosons: a) and b) doubly-charged gauge boson (U++), c) neutral gauge boson (Z ′) and d) singly
charged bosons (V +).
The mass eigenvalues of the gauge bosons we are interested
here are:
M2K± =
g2
2
(V 2 + v′2),M2X± =
g2
2
(V ′2 + v′2), (19)
M2Z′ =
g2
4
V 2.
C. SU(4)L ⊗ U(1)X model with Exotic leptons
In the SU(4)L ⊗ U(1)X model with Exotic leptons [69],
instead of having neutral heavy leptons N, there are new exotic
leptons denominated E. This lepton content is obtained by
setting a = b = c = 1 in the electric charge operator (2). The
left-handed fermion multiplets of the model are
fαL =
 να`αE−α
E′−α

L
∼ (1, 4,−3/4),
QiL =
 d
′
i
ui
Ui
U ′i

L
∼ (3, 4∗, 5/12),
Q3L =
 u3d3D3
D′3

L
∼ (3, 4,−1/12),
(20)
and the right-handed particles are singlets of the SU(4)L sym-
metry.
ecαL ∼ (1, 1, 1), EcαL ∼ (1, 1, 1), E
′c
αL ∼ (1, 1, 1) (21)
(dc3L), (d
c
iL), (D
c
iL), (D
′c
iL) ∼ (3∗, 1,+1/3),
(uc3L), (u
c
iL), (U
c
L), (U
′c
L ) ∼ (3∗, 1,−2/3) (22)
where i = 1, 2 and α = 1, 2, 3. To generates masses for the
fermions and the gauge bosons, it is necessary the following
scalar content:
φT1 = (φ
0
1, φ
+
1 , φ
′+
1 , φ
′′+
1 ) ∼ [1, 4∗, 3/4],
〈
φT1
〉
= (v3, 0, 0, 0),
φT2 = (φ
−
2 , φ
0
2, φ
′0
2 , φ
′′0
2 ) ∼ [1, 4∗,−1/4],
〈
φT2
〉
= (0, v′, 0, 0),
φT3 = (φ
−
3 , φ
0
3, φ
′0
3 , φ
′′0
3 ) ∼ [1, 4∗,−1/4],
〈
φT3
〉
= (0, 0, V, 0),
φT4 = (φ
−
4 , φ
0
4, φ
′0
4 , φ
′′0
4 ) ∼ [1, 4∗,−1/4],
〈
φT4
〉
= (0, 0, 0, Vχ),
(23)
The symmetry breaking occurs in the same way as in the
previous model. We assume V ≈ Vχ >> v3 ≈ v′. The
charged and neutral currents relevant for the anomaly are:
LCC ⊃ − g
2
√
2
(
µγµ(1− γ5)EK0µ + µγµ(1− γ5)E′X0µ
)
,
LNC ⊃ `γµ (g′V − g′Aγ5) `Z ′,
(24)
where K0µ, X
0
µ and Z
′ are the only ones beyond SM gauge
bosons contributing to gµ − 2 , and
g′V =
g
2 cos θW
1/2 + sin2 θW√
2− 3 sin2 θW
;
g′A =
g
2 cos θW
cos 2θW
2
√
2− 3 sin2 θW
(25)
After the neutral fields acquire its vaccum expectation value,
as decribed in (23), are generated the following mass terms for
the bosons:
M2W± =
g2
2
(v23 + v
′2),
M2K0 =
g2
2
(v23 + V
2), (26)
M2X0 =
g2
2
(v23 + V
2
χ ),
being g the coupling constant of the SU(2)L gauge group.
As for the neutral gauge bosons, the 4× 4 mass matrix has a
zero eigenvalue corresponding to the photon. For the remainder
3× 3 matrix we obtain the mass eigenvectors Zµ, Z ′µ and Z ′′µ .
In the approximation V ∼ Vχ, Z ′′µ decouple from the other
6two, and it does not contributes to the anomaly, so it will be
hereafter ignored. Zµ, Z ′µ are still mixed,
g24
C2W
(
v23
√
2δv23SW√
2δv23SW
2δ2
S2W
[v23(S
4
W + C
4
W ) + V
2C4W ]
)
, (27)
Here g4 = g, δ = gX/(2g), and gX is the gauge coupling
constants of the U(1)X group.
By diagonalizing this mass matrix we get the two physical
neutral gauge bosons
Zµ1 = Z
µ cos θ + Z ′µ sin θ ,
Zµ2 = −Zµ sin θ + Z ′µ cos θ, (28)
where the mixing angle is given by
tan(2θ) =
2
√
2δv23S
3
W
2δ2[v23(S
4
W + C
4
W ) + V
2C4W ]− v23S2W
. (29)
III. RESULTS
After presenting the key theoretical aspects of these three
versions of the 3-4-1 model, now we will show our results.
For each model, we calculated the individual contributions
to the muon anomalous magnetic moment as function of the
scale of symmetry breaking of the SU(4)L symmetry, Vχ, and
also, we computed the total contribution as function of Vχ
to assess whether the model accommodates the anomaly or
not. The analytical expressions used in this work are shown
in the appendix VI C, and were taken from [5]. Besides, we
provide the numerical codes we used to derive our results
[70]. As previously mentioned the corrections to ∆aµcoming
from scalar fields are suppressed by their couplings, which are
proportional the muon mass, for this reason, we will ignore
them in our calculations. In section III D, we discuss how one
can make the scalar corrections sizeable and meaningful to the
g-2 anomaly. We will draw our conclusions having in mind
lower mass bounds stemming from collider searches for new
gauge bosons.
A. SU(4)L ⊗ U(1)X model with doubly charged gauge boson
First of all, let us remind the readers that in this version
of the 3-4-1 model, we are working with the simplifications
v1 = u = v
′′ and v′ = Vχ, with Vχ  v1, and that
v1 ∼ 123Gev. In Fig.3 we show the individual contribu-
tions to ∆aµ as a function of the scale of symmetry breaking
of the SU(4)L group, Vχ. To assess whether this model ac-
commodates the muon anomalous magnetic moment, we also
show the total contribution of the model as function of Vχ.
We verify that the new neutral gauge bosons Z ′ and ZN have
small and negative contributions to ∆aµ. This occurs because
in the limit MZ′,ZN  mµ, mµ being the muon mass, their
contributions to ∆aµare proportional to g2V − 5g2A. The singly
charged gauge bosons (V +1 + V
+
2 + V
+
3 ) corrections are posi-
tive, but not enough to compensate for the larger and negative
contribution of the doubly charged gauge boson U++. The
sign of the contribution of the doubly charged gauge boson
is due to the nature of its coupling with the muons. As was
proved in [5], the U++ couples to muons axially, its vector
coupling is null. As the total contribution to the anomaly is
negative, this model can not explain it, therefore, we can sim-
ply demand that the total contribution be smaller than the error
bar. From the 1σ current bound, we obtain the lower limit
Vχ > 1700 GeV; and Vχ > 2615 GeV from 1σ projected
bound (see Fig.3). In accordance with the equation (9), these
bounds translate into MZ′ ≥ 675 GeV and MZ′ ≥ 1038 GeV.
These bounds are weaker than the LHC one for the Z ′ mass,
which lies around 3.7 TeV [71] if the Z ′ boson decays exclu-
sively into charged leptons. When exotic decays are present
this limit weakens, but is yet stronger than the g-2 ones. It is
important to emphasize that although this LHC limit has been
derived for the minimal 3-3-1 model, it apply to our model also.
This is because the 3-3-1 models are the low energy realization
of 3-4-1 models. Each 3-3-1 version inherits the physical prop-
erties of some of the 3-4-1 models. Hence, the 3-4-1 we are
working on it has the minimal 3-3-1 model as its low energy
realization. As for the doubly charged gauge boson, our g-2
study translates into the following bounds, MU++ > 565 GeV
and MU++ > 858 GeV using the 1σ current and projected
bound, respectively. The most updated bound on the mass
of this doubly charged gauge boson is MU ≥ 1.2 TeV [71].
For the singly charged bosons V1 and V2, using the 1σ cur-
rent bound we obtain MV 1,V 2 > 556 GeV and using the 1σ
projected bound we obtain MV 1,V 2 > 852 GeV. As for the
singly charged boson V3, using the 1σ current bound we obtain
MV 3 > 783 GeV and using the 1σ projected bound we obtain
MV 3 > 1203 GeV. The most updated bound on the mass of
these singly charged gauge bosons reads MV ≥ 850 GeV [71].
Thus, despite not being able to address g-2, our study led to
the strongest lower mass bound on the singly charged gauge
boson.
B. SU(4)L ⊗ U(1)X without Exotic Electric Charges
In this model without Exotic Electric Charges we calculated
the contributions to the anomaly by working with the follow-
ing simplifications for the VEVs V ∼ V ′ >> v ∼ v′ and
v′ ∼ 123 GeV. In Figs.4, 5 and 6 we show the individual
contributions to ∆aµ as a function of the scale of symme-
try breaking, Vχ, and as before, to assess whether this model
accommodates the anomaly, we also show the total contribu-
tion of the model as function of Vχ, for three different mass
values of the neutral heavy leptons, MN ,MN ′ = 10GeV ,
MN ,MN ′ = 100GeV and MN ,MN ′ = 1TeV respectively.
As we can see, for the three values of masses of the neutral
heavy leptons, the contribution of the neutral Z ′ is negative and
greater than the positive K+ +X+ contribution, producing a
negative total contribution in all cases. Due to these negative
contributions, we conclude that this model cannot explain ∆aµ.
As before, we just enforce that the total contribution be smaller
than the error. By using the 1σ current ∆aµ bound, we derived
the lower limit on Vχ > 293 GeV, and Vχ > 394 GeV from
7Figure 3: Individual contributions (left-panel) and total contribution (right-panel) to ∆aµas a function of the scale of symmetry
breaking Vχ, coming from the SU(4)L ⊗ U(1)X model with doubly charged gauge boson. The current and projected
experimental bounds are exhibited with thick and dashed green lines respectively. The 1 σ current and projected error are
displayed as thick and dashed red lines respectively
Figure 4: Individual contributions (left-panel) and total contribution (right-panel) to ∆aµas a function of the scale of symmetry
breaking Vχ, coming from the SU(4)L ⊗U(1)X model without exotic electric charges for MN=MN ′ = 10GeV. The current and
projected experimental bounds are exhibited with thick and dashed green lines respectively. The 1 σ current and projected error
are displayed as thick and dashed red lines respectively.
1σ projected ∆aµ bound, in the case MN ,MN ′ = 10 GeV.
For the case MN ,MN ′ = 100 GeV, we derived the lower
limit on Vχ > 318 GeV by using the 1σ current ∆aµ, and
Vχ > 426 GeV from 1σ projected ∆aµ. Finally, for the case
MN ,MN ′ = 1 TeV, we get Vχ > 438 GeV by using the 1σ
current ∆aµ, and Vχ > 624 GeV from 1σ projected ∆aµ. The
lower limits on the masses of the K+, X+ and Z ′ bosons for
the different MN ,MN ′ values are shown in table II. As in the
previous case, when the minimal 3-3-1 model inherits the phys-
ical properties of our 3-4-1 model with doubly charged gauge
boson, in this case, the 3-3-1 model that inherits the proper-
ties of our 3-4-1 model without exotic electric charges, is the
3-3-1 LHN [72, 73]. The collider bounds derived for this 3-3-1
version are similar to the bounds derived for the 3-3-1 RHN
model [74, 75]. For the 3-3-1 RHN model the collider bound
has been derived as MZ′ ≥ 4 TeV [5], that would translate
into a lower bound Vχ ≥ 12 TeV. In the 3-3-1 LHN model this
bound can be weakened if we consider additional decay modes,
as exotic quarks and the neutral heavy leptons itself. Including
these decay modes, the bound is read now as MZ′ ≥ 2 TeV or
Vχ ≥ 6 TeV [61], still strongest than the bounds derived from
the g-2.
C. SU(4)L ⊗ U(1)X with Exotic leptons
For the 3-4-1 model with exotic leptons the symmetry break-
ing pattern is such that V ≈ Vχ >> v3 ≈ v′ = 123 GeV.
In Figs.7, 8 and 9 we show the individual contributions to
∆aµ as a function of the scale of symmetry breaking, Vχ,
and we also show the total contribution of the model as func-
tion of Vχ, for three different values of the exotic heavy lep-
8Figure 5: Individual contributions (left-panel) and total contribution (right-panel) to ∆aµas a function of the scale of symmetry
breaking Vχ, coming from the SU(4)L ⊗ U(1)X model without exotic electric charges for MN=MN ′ = 100GeV. The current
and projected experimental bounds are exhibited with thick and dashed green lines respectively. The 1 σ current and projected
error are displayed as thick and dashed red lines respectively.
Figure 6: Individual contributions (left-panel) and total contribution (right-panel) to ∆aµas a function of the scale of symmetry
breaking Vχ, coming from the SU(4)L ⊗ U(1)X model without exotic electric charges for MN=MN ′ = 1TeV . The current and
projected experimental bounds are exhibited with thick and dashed green lines respectively. The 1 σ current and projected error
are displayed as thick and dashed red lines respectively.
tons, ME1 ,ME2 = 10GeV , ME1 ,ME2 = 100 GeV and
ME1 ,ME2 = 1 TeV respectively. As we can see, for all mass
values of the exotic leptons, the contribution of the bosons
K0 + X0 is negative and greater than the low and positive
contribution of the Z ′ boson. Therefore, the total contribu-
tions are always negative, and for this reason this version of
the 3-4-1 model can not explain ∆aµ. What we have left
is to derive some constraints demanding that the total contri-
bution be less than the error, as we did for the other mod-
els. By using the 1σ current ∆aµ bound, we derived the
lower limit on Vχ > 466 GeV, and Vχ > 719 GeV from
1σ projected ∆aµ bound, in the case ME1 ,ME2 = 10 GeV.
For the case ME1 ,ME2 = 100 GeV, we derived the lower
limit on Vχ > 445 GeV by using the 1σ current ∆aµ, and
Vχ > 702 GeV from 1σ projected ∆aµ. Finally, for the case
ME1 ,ME2 = 1 TeV, we derived the lower limit on Vχ >
365 GeV by using the 1σ current ∆aµ, and Vχ > 578 GeV
from 1σ projected ∆aµ. The lower limits on the masses of
the K0, X0 and Z ′ bosons for the different MN ,MN ′ values
are shown in table II. One can clearly see that even for the
case where Vχ > 719 GeV (the greater value of Vχ), the lower
mass limit MZ′ ≥ 515 GeV is weak and far from the existing
collider bound.
D. Alternative paths
We have demonstrated that all three models based on 3-4-1
symmetry we investigated in this work cannot accommodate
the muon anomalous magnetic moment. Therefore, a natu-
ral question arises. Can we make these models simultane-
ously consistent with the g-2 anomaly and the existing collider
bounds? The answer is yes. We remind the reader that the
scalar contributions to g-2 are dwindled because the couplings
9Figure 7: Individual contributions (left-panel) and total contribution (right-panel) to ∆aµas a function of the scale of symmetry
breaking Vχ, coming from the SU(4)L ⊗ U(1)X model with exotic leptons for ME1=ME2 = 10GeV. The current and projected
experimental bounds are exhibited with thick and dashed green lines respectively. The 1 σ current and projected error are
displayed as thick and dashed red lines respectively.
Figure 8: Individual contributions (left-panel) and total contribution (right-panel) to ∆aµas a function of the scale of symmetry
breaking Vχ, coming from the SU(4)L ⊗ U(1)X model with exotic leptons for ME1=ME2 = 100GeV. The current and
projected experimental bounds are exhibited with thick and dashed green lines respectively. The 1 σ current and projected error
are displayed as thick and dashed red lines respectively.
muons are proportional to the muon mass (see for example Eq
11 from [61]). As was pointed out in [61] and most recently
in [76], a way to salvage these extended gauge sectors is by
introducing inert scalars, or heavy vector-like charged leptons
plus singlet scalars (in the case the vector-like heavy lepton
be a singlet of the gauge symmetry). Here we will address
how this idea can be implemented in the 3-4-1 model without
exotic electric charges. As was shown in the section II B, in
this model we dispose of four scalars multiplets transforming
as ∼ 4 by the SU(4)L symmetry. All of them develop vacuum
expectation value, and for this reason they are not inert scalars
and their interactions with fermions are proportional to the
fermion mass. We can introduce a new scalar φ′1, which is
a replica of φ1 (and to avoid the proliferation of scalar par-
ticles we eliminated φ2, that has been introduced in [67] to
implement the See-Saw mechanism, and then look for a new
way to generate neutrino masses in the model). The Yukawa
lagrangian for these two multiplets read,
LY = fα,βfαLφ1`βR + λα,βfαLφ′1`βR +H.C. (30)
For the case of the φ1 scalar, the interactions are:
fα,β
(
`αLζ
0`βR + ναLζ
−
1 `βR +NαLζ
−
2 `βR +N
′
αLζ
−
3 `βR
)
.
As the φ1 multiplet develop V EV , its interactions with
fermions are proportional to the fermion mass. For simplicity
let us check the diagonal interaction: f2,2µLRζµR. In this
case f2,2 ∼ mµv′ , and Rζ is the mass eigenvector obtained after
the diagonalization procedure in the neutral scalar sector. The
other three diagonal terms share the same f2,2 coupling, atten-
uating its contribution to the anomaly. As for the interactions
λα,β
(
`αLζ
′0`βR + ναLζ ′−1 `βR +NαLζ
′−
2 `βR +N
′
αLζ
′−
3 `βR
)
the situation is very different. As φ′1 is inert, the diagonal
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Figure 9: Individual contributions (left-panel) and total contribution (right-panel) to ∆aµas a function of the scale of symmetry
breaking Vχ, coming from the SU(4)L ⊗ U(1)X model with exotic leptons for ME1=ME2 = 1TeV . The current and projected
experimental bounds are exhibited with thick and dashed green lines respectively. The 1 σ current and projected error are
displayed as thick and dashed red lines respectively.
Bounds Vχ(GeV) MV +1 ,V +2
(GeV) M
V +3
(GeV) MU++ (GeV) MZ′ (GeV) MZN (GeV)
σ current ≥ 1700 ≥ 557 ≥ 783 ≥ 565 ≥ 675 ≥ 2048
σ projected ≥ 2615 ≥ 853 ≥ 1203 ≥ 858 ≥ 1038 ≥ 3150
Table I: Lower bounds on the scale of symmetry breaking Vχ and masses of the gauge bosons derived for the SU(4)L ⊗ U(1)X
with U++ model with our calculations.
coupling λ2,2 (as well as any other λα,β) is not proportional
to the fermion mass. Again let us check the first of the
interactions, λ2,2µLζ
′0µR, this coupling (and the others
proportional to λ2,2, among the muon, charged scalars and
neutral leptons, like ∼ λ2,2N2Lζ ′−2 µR) contributes to the
anomaly. The mass of the φ′1 scalar comes from the potential
terms Λφ†3φ3φ
′†
1 φ
′
1 + Λφ
†
4φ4φ
′†
1 φ
′
1. After φ3, φ4 develop
V EV , the scalar φ′1 gains mass proportional to Mφ′1 ∼ ΛVχ.
Using the equation (50) of appendix VI C 4, and setting the
parameter λ2,2 = 1, we calculated the main contribution of φ′1
to the anomaly for two different values of Λ (see figure 10).
For when Λ = 0.1 the model accommodate the anomaly for
8Tev ≤ Vχ ≤ 11 TeV, and for when Λ = 0.05 the model
accommodate the anomaly for 16TeV ≤ Vχ ≤ 22 TeV.
IV. CONCLUSIONS
We have revisited the muon anomalous magnetic moment
in the context of the SU(3)C × SU(4)L × U(1)X symmetry.
We have used updated and correct analytical expressions to
obtain the corrections to g-2. Our numerical results differ
from previous works, but the overall conclusions are basically
the same, that is, the models can not accommodate the g-2
anomaly and the bounds on the scale of symmetry breaking
rising from g-2 are weaker than the ones coming from collider
searches. A key point overlooked in the past is the contribution
from the doubly charged gauge boson ,U++, which is negative
and not positive as previously assumed. Moreover, we also
derived new bounds on the scale of symmetry breaking of
these models in the light of the upcoming results of the g-2
experiment at FERMILAB. We concluded that none of these
models can accommodate the discrepancy among the theory
and the current and projected experimental results. As a final
contribution of this work, we presented a way via inert scalars
to salvage these models. Basically, we look for inert scalars
multiplets that couple to leptons multiplets in an invariant way.
These inert multiplets are replicas of the scalar multiplets that
couple with leptons and generates its masses. That allowed
us to address g-2 while being consistent with current collider
bounds.
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Models Bounds Mi = 10GeV Mi = 100GeV Mi = 1000GeV
SU(4)L ⊗ U(1)X without exotic electric charges σ current VX > 293GeV VX > 318GeV VX > 438GeV
MK+,X+ > 146GeV MK+,X+ > 157GeV MK+,X+ > 209GeV
MZ′ > 95GeV MZ′ > 103GeV MZ′ > 142GeV
σ projected VX > 394GeV VX > 426GeV VX > 624GeV
MK+,X+ > 190GeV MK+,X+ > 204GeV MK+,X+ > 292GeV
MZ′ > 128GeV MZ′ > 138GeV MZ′ > 203GeV
SU(4)L ⊗ U(1)X with Exotic Leptons σ current VX > 466GeV VX > 445GeV VX > 365GeV
MK0,X0 > 222GeV MK0,X0 > 212GeV MK0,X0 > 177GeV
MZ′ > 340GeV MZ′ > 327GeV MZ′ > 273GeV
σ projected VX > 719GeV VX > 702GeV VX > 578GeV
MK0,X0 > 335GeV MK0,X0 > 328GeV MK0,X0 > 272GeV
MZ′ > 515GeV MZ′ > 503GeV MZ′ > 418GeV
Table II: Lower bounds on the scale of symmetry breaking Vχ and masses of the gauge bosons, derived for the SU(4)L ⊗ U(1)X
model without exotic electric charges for three different mass values of the neutral heavy leptons N,N ′, based on our calculations
(Up panel). Lower bounds on the scale of symmetry breaking Vχ and masses of the gauge bosons, derived for the
SU(4)L ⊗ U(1)X model with exotic electric charges for three different mass values of the exotic leptons E1, E2, based on our
calculations (down panel).
Figure 10: Inert scalar contribution to ∆aµas a function of the scale of symmetry breaking Vχ, for the SU(4)L ⊗ U(1)X model
without exotic electric charges. The current and projected experimental bounds are exhibited with thick and dashed green lines
respectively. The 1 σ current and projected error are displayed as thick and dashed red lines respectively. For when Λ = 0.1 the
model accommodate the anomaly for 8Tev ≤ Vχ ≤ 11Tev, and for when Λ = 0.05 the model accommodate the anomaly for
16Tev ≤ Vχ ≤ 22Tev.
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VI. APPENDIX
A. Masses of the gauge bosons
Coupling constant that appears in the mass of the neutral gauge bosons according to Eq.9.
λn =
1
3
[
A+ 2
(
A2 + 3B
) 1
2 cos
(
2npi + Θ
3
)]
, (31)
where,
A = 3 + 4t2 + (7 + 4t2)a2, B = −2 [1 + 3t2 + 2(4 + 9t2)a2] , (32)
C = 8(1 + 4t2)a2, Θ = arccos
[
2A3 + 9AB + 27C
2(A2 + 3B)
3
2
]
, (33)
and we have defined a ≡ v1/v2, with t = g′/g.
B. Vector and axial couplings
The derivation of the vector and axial couplings is a bit tedious, our results agree with Ref.[1]. Defining,
Znµ ≈ xnW 3µ + ynW 8µ + znW 15µ + wnBµ, (34)
with
xn = −2a
2
t
1− 3t2 + (1− t2)a2 − (1− 2t2)λn
Dn(t, a)
wn, (35)
yn =
1√
3t
2(2 + t2)a2 − 10a4t2 − [1 + (1− 4t2)a2]λn
Dn(t, a)
wn, (36)
zn =
1√
6t
8(2 + t2)a2 + 4(3 + 2t2)a4 − 4 [1 + 2(2 + t2)a2]λn + 3λ2n
Dn(t, a)
wn, (37)
w2n =
1
1 + x2n/w
2
n + y
2
n/w
2
n + z
2
n/w
2
n
, (38)
and finally
Dn(t, a) = 2(7 + 5a
2)− (3 + 13a2)λn + 2λ2n. (39)
The vector and axial couplings can be derived from the Lagrangian
L = − g
2CW
(
lLγ
µlLα+ lRγ
µlRβ
)
Zn, (40)
with
α = −cW
(
−xn + 1√
3
yn +
1√
6
zn +
4
3
wnt
)
+
4
3
cWwnt, β = − 3√
6
Zn. (41)
with Z0 = ZN , Z1 = Z,Z2 = Z ′.
C. Analytical Expressions for the Muon Magnetic Moment
All new physical contributions to gµ − 2 used in this work were taken from [5]. Where we only decided to put in this section
the expressions for contributions at muon anomalous magnetic moment belonging to new particles, such as: neutral gauge boson
and doubly and singly charged gauge bosons.
13
1. Neutral Fermion - Charged Gauge Boson
In the case where the lagrangian describes a coupling of a neutral lepton N to a charged gauge boson is
Lint = gijVW ′+µ Niγµ`j + gijAW ′+µ Niγµγ5`j + h.c. (42)
The contribution to gµ − 2 is
∆aµ(N,W
′) = − m
2
µ
8pi2M2W ′
∫ 1
0
dx
g2V P
+
1 (x) + g
2
AP
−
1 (x)
2fλ
2(1− x)(1− −2f x) + x
, (43)
where
P±1 = −2x2(1 + x∓ 2f ) + λ2x(1− x)(1∓ f )2(x± f ), (44)
and λ = mµ/MW ′ , f = mNf /mµ. In our case mNf = mν for the first model and mNf = mN or mNf = mN ′ for the
second model. In case of boson W
′
, W
′
can be V1,2,3 for the first model and X+ or K+ for the second model.
2. Charged lepton - Neutral Gauge Boson.
In a general form, the lagrangian in the case where a lepton E couple only to neutral gauge boson is
Lint = gijV Z ′µEiγµ`j + gijAZ ′µEiγµγ5`j + h.c. (45)
The contribution to gµ − 2 in this case is
∆aµ(Z
′) =
m2µ
8pi2M2Z′
∫ 1
0
dx
g2V P
+
2 (x) + g
2
AP
−
2 (x)
(1− x)(1− λ2x) + 2fλ2x
, (46)
where
P±2 = 2x (1− x) (x− 2± 2f ) + λ2x2(1∓ f )2 (1− x± f ) , (47)
and λ = mµ/MZ′ , f = mEf /mµ. In our case mEf = mµ (for the first and second model) and mEf = mµ or mEf = mE
(for the third model). The boson Z
′
can be ZN or Z
′
for the first model, Z
′
for the second model and K0, X0 or Z
′
for the third
model.
3. Charged Fermion – Doubly Charged Vector Boson
The lagrangian for the case of a doubly charged vector boson couple with a muon is
Lint = gijV U++µ `Ci γµ `j + gijAU++µ `Ci γµγ5`j + h.c. (48)
The contribution to gµ − 2 is
∆aµ
(
U++
)
=
8
8pi2
m2µ
m2U
∫ 1
0
dx
g2V P
+
1 (x) + g
2
AP
−
1 (x)
2fλ
2(1− x)
(
1− −2f x
)
+ x
−
− 4
8pi2
m2µ
m2U
∫ 1
0
dx
g2V P
+
2 (x) + g
2
AP
−
2 (x)
(1− x) (1− λ2x) + 2fλ2x
, (49)
with f ≡ mfmµ and λ ≡
mµ
mU
. In our case mf = mµ for the first model.
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4. Neutral Scalar
Finally, the lagrangian for the case of a neutral scalar couple with a muon is
Lint = gijs φ`i`j + gijp φ`iγ5`j + h.c. (50)
The contribution to gµ − 2 is
∆aµ(φ) =
m2µ
8pi2M2φ
∫ 1
0
dx
g2sP
+
3 (x) + g
2
pP
−
3 (x)
(1− x)(1− λ2x) + 2fλ2x
, (51)
where
P±3 = x
2 (1− x± f ) , (52)
with f = mf/mµ and λ = mµ/mφ. In our case mf = mµ for the alternative path.
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